INTRODUCTION
Al-rich metallic glasses, containing transition metal (TM) and rare earth (RE) elements have attracted considerable attentions due to the occurrence of primary crystallization reaction that yields a microstructure with Al nanocrystals dispersion embedded in an amorphous matrix to deserve excellent mechanical properties [1] [2] [3] [4] [5] [6] [7] . Primary crystallization behavior is empirically related to Al-rich composition ( 87 at. % Al) [8] [9] [10] . To understand the origin of crystallization, various competing models have been proposed, such as heterogeneous nucleation [11] , the presence of a large density of quenched-in nuclei in the amorphous [2, 12] , a new kind of homogeneous nucleation mechanism ('linked flux') [13, 14] and a phase separation mechanism which indicates nucleation of fcc-Al arises at the interface of the phase separation regions [15] . However, the correct crystallization mechanism has yet to be identified in the Albased metallic glasses.
The characteristic of the MRO remains one of the most important questions in metallic glass research [16, 17] . The MRO can be defined as the next-level structural organization beyond the SRO [18] . The existence of MRO is usually characterized by the presence of prepeak in the structure factor (S (Q)) which has gradually been employed as one research tool for metallic glass. Recently, the MRO has been found to play an important role in the primary crystallization of Zr-based metallic glasses [19, 20] .
In this report, we propose the amount of MRO as a new criterion to evaluate the crystallization. The different addition can promote or suppress the formation of MRO, and eventually, to influence the crystallization mode.
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EXPERIMENTAL PROCEDURES
Al-Ni based ingots were prepared by arc melting nominal amount of high purity elements in a purified argon atmosphere. Amorphous ribbons of thickness about 30 um and width about 2 mm were prepared by a single roller melting-spinning apparatus. The precipitated phases at different temperatures were assessed by X-ray diffraction (D/max-rB) using Cu K radiation. The thermal properties were characterized by using a differential scanning calriometry (Netzsch DSC 404).
The experimental results have proved the pre-peaks in the liquid's total structure factor are influenced by the temperature [22] . In order to cancel the influence of temperature on the pre-peak of liquid alloys, we reheated all the ingots up to approximately 50 K above the liquidus temperature and then quenched them into the amorphous state. The cooling rate can also influence the prepeak, so the quenched rate is set to be a constant circumferential speed of 33m/s.
The method for obtaining the total structure factor S(Q) can be found in many works [21] [22] [23] 28] . There are two main equations for calculating S(Q):
.
where Q = 4 sin / is the magnitude of the scattering vector, is the wavelength, I eu coh is the coherent scattering intensity per atom in electron units, c i = N i / N, N i is the number of type-i atoms and f i (Q) is the type-i atomic scattering factor.
EXPERIMENTAL RESULTS
Fig. (1) [10, 24] , are both of typical eutectic crystallization, with fcc-Al and compound precipitated in the first stage crystallization. Three exothermic peaks are observed in the Al 83 Ni 10 Ce 5 Si 2 metallic glass. To verify the origin of exothermic peaks in the DSC curve of Al 83 Ni 10 Ce 5 Si 2 metallic glass, XRD experiments were performed at three different temperatures: first temperature was heated (at a rate of 10K/min) to 543 K (first peak) and then to the temperature of 603 K (second peak), and last one to 720 K (completed the third peak). Fig. (2) shows the XRD patterns of ribbons continuously heated to above temperatures. Formation of the fcc-Al was observed in the first stage crystallization. The second crystallization reaction is due to precipitations of Al 3 Ni and intermediate metastable phase. Then, the metastable phase gradually decomposed and Al 4 Ce phase formed upon the third peak. After completion of all phase transformation, the final structure consisted of fcc-Al, Al 3 Ni, Al 4 Ce and some unknown phase.
The continuous heating DSC curves of the Al 87 Ni 7 Nd 6 and Al 87 Ni 5 Co 2 Nd 6 melt spun are shown in Fig. (3) . Three exothermic peaks are seen for Al 87 Ni 7 Nd 6 metallic glass, while two exothermic peaks are seen forAl 87 Ni 5 Co 2 Nd 6 metallic glass. Fig. (4a, b) The XRD diffraction patterns of as-quenched samples and the corresponding total structure factors are shown in Figs. (5, 6) . Structure factor curves with Q greater than 0.5 Å -1 can be divided into two parts. The first section lies between 0.5-2 Å -1 and reflects MRO properties. When there is MRO existing, the curve shows a pre-peak. The second section lying between 2-6 Å -1 includes the first peak that characterizes short-range order (SRO) information. Here, we list the values of Q 1, S(Q 1 ) and crystallization temperature of those experimental metallic glasses in Table 1 , where Q 1 represents the position of the prepeak. It can be seen that the prepeak position Q 1 keeps almost constant for each group, which indicated that the structural unit size corresponding to prepeak keeps unchanged, while the intensity of the prepeak (S (Q 1 )) changes with different compositions. Fig. (7) shows the total structure factors proposed as a function of the crystallization temperature. The results indicate that the crystallization mode has a relation to the intensity of prepeak. 
DISCUSSION
In general, the presence of a prepeak corresponds to compound-forming behaviour [24] , or can be attributed to cluster structure constituted of unlike atoms [25] . Zhang et al. [22] have proposed that structural unit corresponding to the prepeak is a medium-range (0.5-2.0 nm) icosahedral quasicrystalline structure with Fe as the centred atom in the Al-Fe-Ce metallic glass. As shown in Figs. (5, 6) , the prepeaks have been found in the total structure factor of all presented samples. Here, in the present alloys, it is suggested that the structure of prepeak may be corresponding to icosahedral MRO, and the prepeak intensity of total structure factor is proportional to the amount of icosahedral MRO.
Primary crystallization of Al-based metallic glasses is usually related to the high Al concentration [10] . As illustrated in Fig. (1 Fig. (7) , which indicates that the amount of MRO has an important effect on the crystallization, that is, an increased amount of MRO can suppress the precipitation of primary fcc-Al, while a decreasing amount of MRO can promote the precipitation of primary fcc-Al. Tanaka [26] has suggested that local icosahedral structures act as random fields against the crystallization during crystallization of intermetallic crystals. Here, it is reasonable to conclude that the increased amount of MRO can keep the amorphous structure more stable and suppress the precipitation of primary fcc-Al.
The present results can be also explained in view of atomic diffusion. It is generally known that the crystallization is accompanied by atomic diffusion to nucleate and grow. Recently, Das [27] found that the alloys liquids with larger prepeak on the total structure factor have smaller diffusion coefficients through using both simulation and the neutron scatting method. This research fruit can well explain the relation between the amount of MRO and crystallization mode, since the amorphous structure can be regarded as the frozen alloy liquid. The decreasing amount of MRO offers a faster diffusion rate to promote the precipitation of primary fcc-Al. While the increased amount of MRO offer a slower diffusion rate to suppress the precipitation of primary fcc-Al.
CONCLUSIONS
In our present work, the crystallization of Al 85 Ni 10 
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